Progesterone impairs cell respiration and suppresses a compensatory increase in glucose transport in isolated rat skeletal muscle: a non-genomic mechanism contributing to metabolic adaptation to late pregnancy?
The aim of the study was to gain better insight into the mechanisms responsible for impaired glucose metabolism during late pregnancy. We explored the direct effects of progesterone on glucose metabolism of skeletal muscle. Specimens of skeletal muscle from untreated rats were incubated with progesterone and rates of substrate fluxes through the various pathways of glucose metabolism were analysed. Progesterone dose-dependently reduced the rates of glucose and pyruvate oxidation (insulin-stimulated rates after 5 h of exposure to 1 and 10 mumol/l progesterone: glucose oxidation, -6 +/- 4%, NS, and -39 +/- 4%, p < 0.001; pyruvate oxidation, -28 +/- 2% and -55 +/- 4%, p < 0.001 each) and increased lactate release (+28 +/- 4% and +58 +/- 9%, p < 0.005 each), which indicated inhibition of mitochondrial respiratory function. Impairment of cell respiration, e.g. by the specific inhibitor rotenone, is known to trigger a compensatory increase in glucose transport, but this response was blunted in the case of progesterone (change of glucose transport in response to 10 mumol/l progesterone vs 60 nmol/l rotenone, both causing a reduction in glucose oxidation by -39%: progesterone, +14 +/- 8% vs rotenone, +84 +/- 23%, p < 0.03). Further experiments dealt with the underlying mechanisms and revealed a rapid mode of action (50 mumol/l progesterone, reduction in insulin-stimulated glucose oxidation after 30 min: -29 +/- 7%, p < 0.01) not affected by blockers of gene expression or the nuclear progesterone receptor. Progesterone inhibits cell respiration and at the same time suppresses a compensatory increase in glucose transport, causing cellular carbohydrate deficiency in isolated rat skeletal muscle. This effect is mediated by a direct, rapid and non-genomic mechanism and could contribute to pregnancy-associated changes in glucose homeostasis.